A novel bacterial strain, designated Q15 T , was isolated from sediments obtained from the Bohai Sea in China and subjected to a polyphasic taxonomic study. Cells of strain Q15
The family Marinilabiliaceae (Ludwig et al., 2011) includes, the time of writing, 10 genera: Alkaliflexus (Zhilina et al., 2004) , Alkalitalea (Zhao & Chen, 2012) , Anaerophaga (Denger et al., 2002) , Carboxylicivirga (Yang et al., 2014) , Geofilum (Miyazaki et al., 2012) , Mangroviflexus , Marinilabilia (Nakagawa & Yamasato, 1996) , Natronoflexus (Sorokin et al., 2011) , Saccharicrinis (Yang et al., 2014) and Thermophagus (Gao et al., 2013) ; and one misclassified species: [Cytophaga] xylanolytica (Haack & Breznak, 1993) . The genus Carboxylicivirga was first proposed by Yang et al. (2014) comprising two species, Carboxylicivirga mesophila and Carboxylicivirga taeanensis. A recent study identified a third species in the genus Carboxylicivirga, namely Carboxylicivirga linearis (Wang et al., 2015) . Interestingly, these three species were all isolated from marine environments. C. taeanensis MEBiC 08903
T and C. mesophila MEBiC 07026 T were isolated from Daebudo-Island (126 269¢ E 37 169¢ N) and Taean County (126 119¢ E 36 499¢ N) , Korea, respectively, and C. linearis FB218 T was isolated from Rongcheng, China (122 14¢ 34 † E 36 54¢ 36 † N). Herein, a novel strain, Q15 T , was isolated from the sediment in the same region and proposed to represent a novel species in the genus. The novel bacterial strain was isolated during investigation into the succession of bacteria during the process of biodegradation of different types of hydrocarbons. Sediments for these studies were collected from the Bohai Sea (37 40¢ 20 † N 120 20¢ 30 † E), northern China. Subsurface sediments (5 cm beneath the surface) were kept at 4 C and immediately transferred to the laboratory for further analysis. Aliquots (10 g) of the collected sediments were inoculated into 100 ml of Difco marine broth 2216 medium (MB; BD Bioscience) and incubated at 180 r.p.m. and 25 C for 48 h. The liquid cultures were serially diluted and spread on Difco marine agar 2216 plates (MA; BD Bioscience). After incubation at 25 C for 2 days, strain Q15 T was successfully isolated and cryo-preserved at À80 C in MB supplemented with 30 % (v/v) glycerol. Polyphasic tests including phylogenetic, genotypic, chemotaxonomic and other phenotypic assays were performed to identify the the taxonomic position of strain Q15 T .
After incubation on MA for 72 h at 30 C under aerobic conditions, strain Q15
T strain formed circular, flat, orange colonies with approximate diameters of 0.5-1.0 mm. The Gram reaction was tested according to the method described by Gerhardt et al. (1994) . Cell morphology and motility was examined by using scanning electron microscopy after 24 h of incubation in MB. Growth under anaerobic conditions was examined on MA supplemented with 0.5 % acetate and 0.25 % NaNO 3 (both w/v) at 30 C in an anaerobic chamber as described by Yakimov et al. (2003) . The results showed that strain Q15
T was a Gram-stainnegative, rod-shaped (0.3-0.6Â2.5-18.7 µm) bacterium (Fig. S1 , available in the online Supplementary Material). Flagellum and gliding motility were not observed.
The genomic DNA of Q15
T strain and previously characterized strains in the genus Carboxylicivirga (C. taeanensis MEBiC 08903 T , C. mesophila MEBiC 07026 T and C. linearis FB218 T ) were extracted using the commercial Ultra-Clean microbial DNA isolation kit (MoBio Laboratories). C. taeanensis MEBiC 08903 T and C. mesophila MEBiC 07026 T strains were purchased from the Japan Collection of Microorganisms (JCM), and C. linearis FB218 T was kindly provided by Dr Zongjun Du from the College of Marine Science, Shandong University at Weihai. High-quality genomic DNA was used for PCR amplification by using the 16S rRNA gene primers 27F and 1492R (Wang et al., 2012) . Amplicons were sequenced for the almost full-length 16S rRNA gene, which was then analysed using the EzTaxon server (Kim et al., 2012) . The most closely related strains to Q15
T and strains of selected genera belonging to the family Marinilabiliaceae in the phylum Bacteroidetes were subjected to phylogenetic analysis. Phylogenetic trees were reconstructed using the maximum-likelihood (ML), neighbourjoining (NJ) and minimum-evolution (ME) algorithms using the MEGA 5 software package (Tamura et al., 2011) . The robustness of the inferred tree topologies was evaluated after 1000 bootstrap replicates of the ML, NJ and ME data, respectively. The analysis of 16S rRNA gene sequences using the EzTaxon server indicated that strain Q15
T showed highest similarity to members of the genus Carboxylicivirga in the family Marinilabiliaceae. C. taeanensis MEBiC 08903 T , C. mesophila MEBiC 07026 T and C. linearis FB218 T exhibited 95.22, 94.31 and 94.00 % 16S rRNA gene sequence similarity to the novel strain, respectively, with all others sharing less than 94.00 %. The ML, NJ and ME algorithms generated similar phylogenetic trees [ Fig. 1 . Growth at varying temperatures (15, 20, 25, 30, 37, 45 and 50 C) , pH (4, 5, 6, 7, 8, 9, 10 and 11) and NaCl concentrations (0, 2, 4, 6, 8 and 10 %, w/v) was tested after 7 days of incubation according to previously described methods (Nedashkovskaya et al., 2004a; Yi & Chun, 2004) . Growth under different conditions was determined by observing the turbidity of cultures. Q15
T was cultured in MB for chemotaxonomic and phenotypic characterizations. API ZYM, API 50 CH, API 20NE, API 20E and API 50CHB strips (bioM erieux) were applied for physiological and biochemical characterizations. Antibiotic discs (Oxoid) containing different antibiotics were applied. The antibiotics used in this study were as follows (per disc): penicillin G (10 IU), ampicillin (10 µg), aztreonam (10 µg), polymyxin B (300 IU), neomycin (30 µg), meropenem (10 µg), cefazolin (30 µg), cefotaxime (30 µg), gentamycin (10 µg) and ofloxacin (5 µg). Evaluation of the effect of antibiotics on the growth of cells was assessed after 48 h based on the CLSI/ NCCLS M100-S21 criterion (CLSI, 2011) . Growth tests were performed on MA plates spread with fresh bacterial cultures. The results indicated that strain Q15
T could grow at pH 5-10 (optimum pH 7), at 20-37 C (optimum at 30 C) and with 26 % (w/v) NaCl (optimum 2 %). Other physiological and biochemical characteristics are provided with other species descriptive parameters in Tables 1 and S1. The novel strain  Q15 T showed high sensitivity to all 10 tested antibiotics, except polymyxin B to which it exhibited weak sensitivity. However, the three reference strains showed resistance to several different antibiotics (Table S2 ).
The DNA G+C content of strain Q15
T was determined by HPLC as described by Mesbah et al. (1989) . The results showed that the DNA G+C content of strain Q15
T was 44.7 mol% and was consistent with those of members of the genus Carboxylicivirga, which ranged from 40 to 44.2 mol% (Yang et al., 2014; Wang et al., 2015) .
For analysis of the cellular fatty acids, strain Q15
T and the three reference strains were cultured in MB to late exponential phase. Cellular fatty acids were measured by using the Sherlock Microbial Identification System (MIDI) and the results are given in Table S3 . The major cellular fatty acids of strain Q15
T were iso-C 15 : 0 (27.2 %), anteiso-C 15 : 0 (14.7 %) and iso-C 17 : 0 3-OH (9.9 %), a profile that was consistent with the three type strains in the genus Carboxylicivirga. Nevertheless, ratios for the three major cellular fatty acids between the four strains varied from each other, especially regarding iso-C 15 : 0 (Table S3 ). The HPLC assay was applied to measure the Facultatively anaerobic Growth range (optimum) of: pH 5-10 (7) 6-8.5 (7) 6-9 (7.5) 6-9 (6.5-7) NaCl concentration (%, w/v) 2-6 (2) 0-8 (2.5) 0-10 (2.5) 
quinone composition for the strain (Nedashkovskaya et al., 2004b) . The result determined that the main isoprenoid quinone of strain Q15 T was menaquinone MK-7 (approximately 100 %), which was consistent with the quinone composition of the three reference strains. Polar lipids of strain Q15
T were determined using TLC following the method described by Minnikin et al. (1984) . TLC plates were stained with phosphomolybdic acid hydrate, molybdenum blue, ninhydrin and a-naphthol. The results indicated that the polar lipid profile was composed of phosphatidylethanolamine, an unidentified aminolipid, glycolipid, an unidentified phospholipid and other unknown lipids (Fig. S3) .
Based on phylogenetic, genotypic and phenotypic characterization, strain Q15
T can be distinguished from its closest related reference strains, C. taeanensis MEBiC 08903 T , C. mesophila MEBiC 07026 T and C. linearis FB218 T . Therefore, strain Q15
T is considered to represent a novel species of the genus Carboxylicivirga in the family Marinilabiliaceae, for which the name Carboxylicivirga flava sp. nov. is proposed.
Emended description of the genus Carboxylicivirga
The genus Carboxylicivirga was first proposed and described by Yang et al. (2014) . Emended features are as follows: cells are strictly aerobic or facultatively anaerobic and membrane polar lipids include phosphatidylethanolamine, an unidentified aminolipid, glycolipid and unidentified lipids as major constituents.
Description of Carboxylicivirga flava sp. nov.
Carboxylicivirga flava (fla¢va. L. fem. adj. flava reddish yellow, the colour of colonies or pigment that the bacterium produces).
Cells are Gram-stain-negative, strictly aerobic and rod-shaped. Cells are approximately 2.5-18.7 µm long and 0.3-0.6 µm wide. Colonies are circular, flat and orange on MA plates after 72 h of cultivation. Colonies are approximately 0.5-1.0 mm in size. Growth occurs at 20-37 C (optimum, 30 C), at pH 5-10 (optimum pH 7) and at NaCl concentrations of 2-6 % (w/v, optimum 2 %). Utilizes glucose, L-arabinose, D-fructose, D-mannose, salicin, sucrose, cellobiose and N-acetylglucosamine, but not D-arabinose, L-xylose, D-galactose, mannitol, amygdalin, arbutin, D-lactose, inulin, melezitose, raffinose, Dgentiobiose or 5-diketo-gluconate. Alkaline phosphatase, chymotrypsin, a-glucosidase, b-glucosidase, b-fucosidase, acid phosphatase, a-galactosidase, N-acetyl-b-D-glucosaminidase, b-galactosidase, trypsin, naphthol-AS-BI-phosphatase and gelatinase are detected in API ZYM tests, while other enzymes in the kits are not. The major cellular fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 and iso-C 17 : 0 3-OH, and MK-7 is the main respiratory quinone. The polar lipids contain phosphatidylethanolamine, an unidentified aminolipid, glycolipid, an unidentified phospholipid and other unknown lipids.
The type strain, Q15
T (=CICC 23923 T =KCTC 42707 T ), was isolated from sediments of the Bohai Sea, China. The DNA G+C content of the type strain is 44.7 mol%.
